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strates that an alternative structure, in
which sequences for the two quinone
pockets are undifferentiated, is neverthe-
less functional enough te support photo-
synthetic growth. This simplified reaction-
centre structure provides an opportunity
to study the directionality of electron
transfer in a system in which numerous
contributions to the L/M structural asym-
metry have been eliminated. It offers as
well a further indication that the present-
day purple bacterial reaction centre could
have evolved from a more symmetrical
homodimeric ancestor.
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Naming names

SIR — Patterson! takes exception to
our usage of the terms “bird’, ‘dinosaur’
and ‘avialian’ in reference to a new
Mongolian fossil archosaur, Mononykus
olecranus®. Some of Patterson’s criti-
cisms stem from misrepresentation of our
paper, while others reflect fundamental
disagreements. Patterson suggests that we
consider Moronykus a member “of birds
{a monophyletic group) and dinosaurs (a
nonmonophyletic group)”. We did not say
this; throughout the paper we consider
dinosaurs to be monophyletic because
birds are members of this group. Birds are
a kind of dinosaur, and Patterson’s
neologism “dinosaur-like birds” is there-
fore nonsensical.

A second issue raised by Patterson
concerns the criteria for clade demar-
cation in groups comprising both extant
and fossil taxa. Hennig® proposed three
methods for recognizing clade bound-
aries, the first two based on relationships
and the third based on “essential’ charac-
ters. We agree with Hennig and Patterson
that the third criterion leads to confusion
in formal definitions of taxa. We used the
term ‘bird’ to refer to members of the
Avialae, and Patterson suggests that in so
doing we used this third criterion, thus
leading to confusion. Because we defined
our taxonomic groups phylogenetically
and pointed out that our usage of the term
‘birds’ was in the casual, rather than the
formal taxonomic, sense, we do not see
where confusion could arise.

We followed the work of Gauthier and
others™ in considering the formal tax-
onomic term Aves to comprise only those
taxa inferred to have descended from the
most recent common ancestor of extant
birds (method 1 of Hennig). Patterson
instead advocates the inclusion in extant
groups of all extinct taxa more closely
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related to the group than to its sister-
group (method 2 of Hennig). We prefer
the so-called crown-group approach be-
cause, of the two methods, it most closely
reflects longstanding usage of the content
of Aves. The method advocated by Patter-
son would require that Aves include not
only birds but pterosaurs and ornithis-
chian and sauropod dinosaurs*’. Most
ornithologists would have difficulty ex-
panding their expertise to these groups.

In advocating Hennig's method 2, Pat-
terson suggests that method 1 may provide
misleading dates for the first appearance
of the group. Although a molecular
biologist would be misled if she or he
thought that the age of the oldest member
of the crown group chronicled the split
between it and its extant sister-group, this
would have more to do with sloppy schol-
arship than with any pitfalls in method 1.
Method 2 would be similarly misleading if
the molecular biologist asked a different
question (for example, concerning the
radiation of the living taxa rather than
when they split from their sister-group).
Because biologists are free to ask many
different questions, we do not see that
method 2 offers any advantages to guiding
unsuspecting molecular biologists along
the path towards enlightenment.

Finally, Patterson is concerned at the
proliferation of formal taxonomic names
for groups based on ‘stem’ species and
their crown groups, such as the group
Metornithes we named in our paper. We
do not agree that this creates a problem,
especially in an age when large databases
can be manipulated with ease. Once a
group 1s recognized to be a clade by the
identification of derived characters di-
agnosing it, we see no justification for
ignoring it merely because it includes
extinct taxa. In our view, the use of a
single name like Mctornithes is preferable
to the cumbersome “group composed of
taxa x, y, and z". As we expand our
knowledge of the biological world, names
are needed to express our understanding
of its diversity’. We believe that having
names for all clades is more important
than the practicalities Patterson prefers.
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PATTERSON REPLIES — Norell er al. and I
differ in our approach to this problem, as
shown by their second paragraph above.
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They object to my calling dinosaurs a
nonmonophyletic group, and write “we
consider dinosaurs to be monophyletic
because . . . birds are a kind of dinosaur™.

It is generally agreed that the main
impact of cladistics is in revealing and
eliminating paraphyletic assemblages',
“groups” which turn out to lack characters
and reality. When dropped from scientific
nomenclature, the names of paraphyletic
groups are often retained merely as coilo-
quial terms (for example, fishes, inverte-
brates). But there is always another possi-
bility: a named paraphyletic assemblage
can be salvaged, or made monophyletic,
by expanding it to include the monophyl-
etic group(s) whose exclusion caused the
paraphyly. Reptilia (paraphyletic) might
be made monophyletic by expanding it to
inctude birds and mammals, for example,
or Iovertebrata might be made mono-
phyletic by including vertebrates. One
might then say “mammals (or birds) are a
kind of reptile” ar “vertebrates are a kind
of invertebrate”. Whether anything is
communicated by such statements is not
for me to say. But that is the procedure
that Norell er al. recommend, with the
difference that the paraphyletic group
(dinosaurs) is extinct.

Norell et al. criticize the method I
recommended” (the total-group) because
it would force or encourage ornithologists
into “expanding their expertise” to cover
pterosaurs and dinosaurs, which would be
included within Aves by that method.
But mammalogists do not feel obliged
to be expert on multituberculates, nor
ichthyologists to be expert on pholi-
dophorids, though they agree that those
extinct animals are respectively mammals
and teleosts. Tf ornithologists have to
acknowledge that, when the fossil record
is brought into the systen1, Aves includes
dinosaurs and pterosaurs, [ believe that
the medification is less damaging than the
course recommended by Norell er al.,
which is that ornithologists should ack-
nowledge that their stock-in-trade is, after
all, “a kind of dinosaur™.

In the 150 vyears since Richard
Owen named Dinosauria for a few bones
of  lguanodon, Megalosaurus  and
Hylaeosaurus, the result of the efforts of
palacontologists has been to discover
what dinosaurs are, not what birds are.
Perhaps surprisingly, dinosaurs turn out
to be kinds of bird, a theory of rela-
tionships that is most clearly and economi-
cally expressed by including them within
Aves.
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